Abstract The aim of our study is to determine the clinical predictors and the differential diagnosis of posterior reversible encephalopathy syndrome (PRES) in patients presenting with acute neurological symptoms and risk factors for PRES. Using the diagnostic algorithm for PRES from Fugate and Rabinstein (Lancet Neurol 14(9):914-925, 1), we carried out a retrospective study on 220 patients, presenting with acute neurological symptoms such as seizures, encephalopathy, headache, visual disturbances or other focal neurological signs that appear in the clinical setting of risk factors such as hypertension/blood pressure fluctuations, chemotherapy, renal failure, autoimmune disorders, or eclampsia, in whom imaging of the brain was performed to exclude PRES. Seventeen percent of patients had a radiologically confirmed diagnosis of PRES. Univariable logistic regression showed a significant association between PRES and epileptic seizures, encephalopathy, hypertension, chemotherapy and renal failure. Multivariable logistic regression of acute neurological symptoms and risk factors showed a significant association of epileptic seizures, encephalopathy, visual disturbances, hypertension and chemotherapy with PRES. Using these variables to predict PRES yielded a discriminative ability (AUC) equal to 0.793. Diagnoses when PRES was not confirmed included primary or secondary headaches (26%), toxic-metabolic encephalopathy (21%), vascular pathology (12%) and other less frequent disorders. Epileptic seizures, encephalopathy, visual disturbances, hypertension, renal failure and chemotherapy were the best clinical predictors of PRES, while headache, immune suppression and autoimmune disease were not useful for the clinical diagnosis of PRES in our study.
Introduction
Posterior reversible encephalopathy syndrome (PRES) has been increasingly recognized during the past two decades. It was first described by Hinchey et al. as a reversible, predominantly posterior leukoencephalopathy [2] . This disorder is characterized by acute neurological symptoms, such as seizures, encephalopathy, headache, visual disturbances or other focal neurological signs that appear in the clinical setting of risk factors, such as hypertension or blood pressure fluctuations, cytotoxic drugs, renal failure, autoimmune disorders and eclampsia [1] . The diagnosis is confirmed by demonstrating subcortical vasogenic brain oedema on brain imaging. In this retrospective study, our aim was to study the predictive value of these acute neurological symptoms and risk factors in the diagnosis of PRES, and to establish the spectrum of differential diagnoses when PRES was not confirmed on cerebral imaging.
Methods
We retrospectively analysed digital medical files of patients seen in the Department of Neurology in the University Hospital Gasthuisberg, Leuven, Belgium, from January 2012 to December 2015. We performed a search using the key words ''Posterior reversible encephalopathy syndrome'' or ''PRES'' in the differential diagnosis of an acute neurological illness. In order to ensure an objective and unambiguous selection of patients with PRES among these patients, we considered only patients with reversible vasogenic oedema on brain imaging (i.e. radiologically confirmed diagnosis of PRES) as having PRES, while patients without confirmation on brain imaging were considered as not having PRES. Based on the radiological patterns described by Bartynski and Boardman [3] , we classified the radiological findings on brain imaging into typical and atypical PRES patterns.
We performed a detailed review of their clinical information. We assessed more specifically demographics, typical symptoms (seizures, encephalopathy, headache, visual disturbances or other focal neurological signs) and risk factors for PRES (hypertension, cytotoxic drugs, renal failure, autoimmune disorders, and pre-eclampsia or eclampsia), as described by Fugate and Rabinstein [1] . Focal neurological signs were defined as deficits from the central or peripheral nervous system. In our study, hypertension was defined as a systolic blood pressure above 140 mmHg or a diastolic blood pressure higher than 90 mmHg, and renal failure as an estimated glomerular filtration rate (eGFR) less than 60 mL/min. Outcome of patients with PRES was measured at discharge from the hospital, using the Glasgow Outcome Scale (GOS), ranging from 1 (death) to 5 (good recovery). Since several patients had important premorbid disabilities, we compared the outcome of all patients with their premorbid status. Finally, we noted the differential diagnosis in patients without PRES.
Fisher's exact test was used to compare the percentage of patients with PRES as a function of the presence or absence of these acute neurological symptoms and risk factors. The distribution of the number of symptoms and the number of risk factors was compared between patients with and without PRES using a Mann-Whitney U test. Odds ratio from univariable logistic regressions is reported. The discriminative ability of each variable was evaluated with the area under the operating characteristic curve (AUC), where value 0.5 equals random prediction and value 1 perfect discrimination. A multivariable logistic regression model was applied using a backward selection procedure with p = 0.157 as critical p value to stay in the model. The use of this critical value corresponds to using the Akaike Information Criterion (AIC) for model selection. With AIC, we required that the increase in model v 2 had to be larger than two times the degrees of freedom [4] . The AUC of the final multivariable logistic regression model is reported. Since the same data were used to build and to evaluate the model, the AUC was corrected for overoptimism using an advanced bootstrap procedure [5] . All analyses have been performed using SAS software, version 9.2 of the SAS System for Windows.
Results
Two hundred and twenty medical files of patients presenting with an acute neurological illness, in whom PRES was considered as a possible diagnosis, were selected. There were 134 women and 86 men, age ranging from 14 to 90 years. Thirty-seven (17%) had the diagnosis of PRES confirmed on brain imaging (CT or MRI). The age of the radiologically confirmed PRES patients ranged from 16 to 85 years, with a median age of 49 years. Among these, there were 26 females (70%) and 11 males (30%).
Among the 37 patients with PRES, 22 (59%) had epileptic seizures, 21 (57%) encephalopathy, ranging from drowsiness to coma, 16 (43%) had focal neurological deficits, 13 (35%) had visual disturbances (decreased visual acuity, visual field deficits, cortical blindness, or visual hallucinations) and 13 (35%) had headache. Results are shown in Table 1 .
Thirty-one (84%) patients with PRES in our study had hypertension as a risk factor, 20 (54%) had renal failure, 11 (30%) immune suppression, 12 (32%) received chemotherapy, 6 (16%) had an autoimmune disease and 1 (3%) had eclampsia. Results are shown in Table 2 .
Univariable logistic regressions of acute neurological symptoms showed a significant association between PRES and epileptic seizures [odds ratio (OR) 7.48, p \ 0.0001], encephalopathy (OR 3.40; p = 0.0010) and number of symptoms (OR 3.17; p \ 0.0001). Results are shown in Table 3 .
Univariable logistic regressions of the risk factors showed a significant association between hypertension (OR 4.68; p = 0.0010), chemotherapy (OR 2.66; p = 0.0163), renal failure (OR 2.09; p = 0.0435) and an increasing number of risk factors (OR 1.82; p = 0.0025) with PRES. Only three patients (8%) with PRES had none of these three risk factors. The factor eclampsia was not considered, since there was only a single patient with this risk factor. Results are shown in Table 3 .
Multivariable logistic regression of acute neurological symptoms and risk factors showed a significant association between epileptic seizures (OR 6.933; p \ 0.0001), encephalopathy (OR 3.35; p = 0.0085), visual disturbances (OR 2.62; p = 0.0457), hypertension (OR 5.89; p = 0.0009) and chemotherapy (OR 3.04; p = 0.0265) with PRES. Results are shown in Table 3 . The discriminative ability (AUC) of this multivariable model equaled 0.793, hence using this set of predictors a moderate to good prediction of PRES can be expected.
From the 220 patients in our study, 183 did not have radiologically confirmed PRES. The 183 patients without radiologically confirmed PRES had headache (26%), toxicmetabolic encephalopathy (21%), vascular pathology (12%), infectious pathology (8%), epileptic seizures (8%), neurodegenerative diseases (4%), psychiatric disease (4%), tumours (4%), ophthalmological illness (3%), inflammatory disorders (2%), intracranial hypertension (2%), other diagnoses (3%) and unknown diagnoses (2%). Notice that the clinical diagnosis of PRES was made without brain imaging confirmation in three patients (2%) ( Table 5-supplemental) .
Thirty-five patients had lesions on MRI that were compatible with PRES (28 typical PRES patterns and 7 atypical PRES patterns) [3] . One patient could not undergo MR imaging, but CT imaging was compatible with PRES. Another patient had typical parieto-occipital oedema on CT imaging, which had disappeared on MRI performed a few weeks later. Brain MRI most frequently showed dominant lesions in a typical parieto-occipital pattern (66%). The holohemispheric watershed pattern was the second most frequent lesions, present in 14% of patients. The third most frequent pattern in our study was the cerebellar pattern in 9% of patients. No patient had a dominant superior frontal sulcus pattern. Less typical patterns were seen as well, such as basal ganglia or brainstem lesions, or lesions in the splenium corporis callosi. Results are shown in Table 4 . Images are shown in Fig. 1 .
At discharge, eight patients had a good recovery (GOS 5), 16 a moderate disability (GOS 4), 11 a severe disability (GOS 3), and two patients had died (GOS 1). Twenty-five patients (68%) recovered completely from PRES to their premorbid status, and ten (27%) had residual symptoms when discharged from the hospital, mostly epileptic seizures or visual disturbances. From our findings, we suggest that different presenting symptoms and risk factors should be given different weights. We found that seizures were the presenting symptom which best predicted PRES, followed by encephalopathy. Previous studies [6, 7, 10] , have reported that epileptic seizures and encephalopathy were the two most frequent symptoms in patients with PRES. In addition, visual disturbances were also a good predictor of PRES, but headache and focal neurological deficits did not predict PRES in our study. Headache and focal neurological deficits have been reported to be less frequently associated with PRES than seizures or encephalopathy [6] [7] [8] 10] . We noted in our study that headache was present in a greater proportion of patients without PRES (44%) than patients with PRES (35%). We suggest, therefore, that headache could be omitted from the algorithm suggested by Fugate and Rabinstein [1] .
Hypertension was the risk factor which best predicted PRES in our patients (31 patients, 84%), confirming the previous observations [6] [7] [8] [9] reporting hypertension in [6] [7] [8] [9] [10] and 12-57% of patients with PRES having renal failure [9, 10] . We also noted a significant association of an increasing number of risk factors with PRES. Autoimmune disorders were present in 16% of our patients with PRES, which is comparable with 8-45% of patients with PRES in previous reports. Also, immune suppressive therapy was given to 30% of patients with PRES in our study, which is similar to 23-43% of patients with PRES in previous reports [1, 7, 8, 10] . Autoimmune disorders and immune suppressive therapy, however, did not predict PRES in our patients. Our study design allows us to propose hypertension, chemotherapy and renal failure as risk factors predicting PRES, but not autoimmune disease or immune suppressive therapy. We identified epileptic seizures, encephalopathy, visual deficits, hypertension, chemotherapy and renal failure as the best clinical predictors for PRES. All patients with PRES The optimism-corrected AUC of the multivariable prediction model based on the advanced bootstrap equals 0.792. ND: odds ratio is not defined due to the absence of patients with PRES in the pre-eclampsia group OR odds ratio, CI confidence interval, AUC area under the operating characteristic curve had at least one of these predictors. When acute neurological symptoms and risk factors were considered separately, 5% of patients with PRES had no epileptic seizures, encephalopathy or visual deficits, and 8% had no hypertension, chemotherapy or renal failure. Eclampsia was present in only one patient of our study. For this reason, it was not possible to determine any relevant association with PRES. Brewer and colleagues [11] described the presence of PRES on MR imaging in 46 out of 47 women with eclampsia, suggesting that eclampsia is not a risk factor, but a manifestation of PRES. A majority of patients (83%) in our study in whom PRES was considered in the differential diagnosis did not have MR confirmation of PRES. The most frequent differential diagnosis for PRES was primary or secondary headache (26%). Toxic-metabolic encephalopathy was the second most frequent differential diagnosis (21%). This can be explained by the high association of confusion with both PRES and toxic-metabolic encephalopathy. From our data, we agree with Fugate and Rabinstein [1] that the list of differential diagnoses of PRES is long and varied. Interestingly, the final clinical diagnosis was PRES in three patients despite normal imaging. We, therefore, agree that the diagnosis of PRES is a clinical diagnosis that may be confirmed by radiological findings, but may also exist without abnormalities on brain imaging. This is important, since it may influence clinical management. As long as there is no specific treatment for PRES, the only way to improve the outcome in patients with PRES is to establish the diagnosis as soon as possible, in order to treat the underlying causes. We emphasize the need for early correction of the risk factors which predicted PRES in our study, i.e. antihypertensive treatment, and when, possible, cessation of chemotherapy and treatment of renal failure.
The most frequent PRES pattern on neuroimaging in our patients was a typical parieto-occipital pattern, confirming previous observations. In our study, there was no patient with a dominant superior frontal sulcus pattern, contrary to results from Bartynski and Boardman [3] and Liman et al. [7] , in which this pattern was found in 27 and 17%, respectively.
It is important for the clinician to be aware of less typical patterns as well, such as vasogenic oedema in the basal ganglia or brainstem, or lesions in the splenium corporis callosi, in order to establish a diagnosis of PRES. PRES is usually reversible and patients tend to make a good recovery. Two patients in our study, however, possibly died from PRES. Fifty % of patients had moderate or severe disability at the time of discharge from the hospital, but taking into account their premorbid status, 68% of patients had recovered completely from PRES at the time of discharge. These findings confirm that PRES is not always a reversible syndrome. Fig. 1 PRES patterns A weakness of our study was its retrospective nature. It is possible that acute neurological symptoms, such as visual disturbances or encephalopathy, may have been overlooked or not documented properly. On the other hand, we do not know how many patients fulfilling the clinical diagnostic criteria did not have MR brain imaging.
In conclusion, we identified epileptic seizures, encephalopathy, visual deficits, hypertension, chemotherapy and renal failure as best predictors of PRES. A clinical diagnosis of PRES should prompt MR imaging of the brain to confirm the diagnosis. In a minority of patients with a clinical diagnosis of PRES, MR of the brain may be normal. An early diagnosis of PRES may change medical and improve outcome management.
Compliance with ethical standards
Conflict of interest The authors declare that they have no conflict of interest.
Ethical standards This article does not contain any studies with human participants or animals performed by any of the authors.
Informed consent The ethical committee of UZ Leuven approved the study.
Funding There was no funding for this study.
Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://crea tivecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.
